Abstract: This experiment was designed to assess the effects of different feeding strategies before first breeding at 15 mo on performance and physiological parameters of beef heifers during their gestation and first lactation. During preweaning (PRE, 0-6 mo) and postweaning periods (POST, 6-15 mo), 25 Parda de Montaña heifers were fed to achieve gains of 1.0 kg d −1 (HI) or 0.7 kg d −1 (LO) in a 2 × 2 factorial design (HI-HI, HI-LO, LO-HI, and LO-LO). Although calf birth weights did not differ, heifers from LO-LO treatment had the greatest calving assistance (80%), probably because they were lighter than the rest (436 ± 39 kg body weight, P < 0.01) and had the smallest external pelvic area (19.5 ± 2.0 dm 2 , P < 0.01). Milk production and calf gains during lactation were similar among treatments. Cows from POST-HI treatment tended to be cyclic earlier than POST-LO ones (82 ± 8.4 and 106 ± 9.4 d post partum, respectively; P = 0.06). Feeding managements did not influence metabolic (glucose, cholesterol, nonesterified fatty acid, β-hydroxybutyrate, and urea) or endocrine (insulin-like growth factor I and leptin) profiles of heifers. Continued low feeding levels before breeding heifers at 15 mo are not recommended, because they may hinder primiparous calving performance.
Introduction
Calving for the first time at 2 yr is a primary goal, both in dairy (Abeni et al. 2012 ) and beef operations (Diskin and Kenny 2014) , to minimize heifer development costs. To achieve this target, rate of growth before breeding must be planned to ensure that heifers can calve at a young age without undermining lifetime productivity.
This growth rate should allow heifers to achieve the suggested target body weight (BW) of 65% of mature BW at breeding (Gasser 2013 ) and 80% of mature BW at first calving (NRC 2000) , with enough skeletal development to avoid calving difficulties. In extensively reared beef heifers, the development strategy must consider the most adequate phase for supplementation, taking into account both economics of the cow enterprise and effects on productivity and longevity ).
There has been some controversy about optimal management in beef heifers, because earlier studies reported that diets that promoted high prepubertal gains could have deleterious effects on milk production and cow lifetime efficiency (Buskirk et al. 1996) . Recent research in dairy heifers indicates that higher preweaning growth results in greater milk yield at first lactation, establishing that both nutrition and management of the preweaned calf are the major environmental factors influencing the expression of the genetic capacity for milk production (Soberon and Van Amburgh 2013) . In the case of beef heifers, faster growing animals may attain puberty earlier (Rodríguez-Sánchez et al. 2015) , and it has been suggested that the provision of creepfed concentrates to nursing heifers could result in metabolic imprinting with consequences in the adult life (Reis et al. 2015) . These authors found both temporal and permanent effects of creep feeding on mRNA expression of genes associated with nutrient metabolism, but they could not demonstrate a permanent effect on physiological or biochemical variables beyond weaning.
Prebreeding feeding strategies can aim at a linear or a stair-step growth trajectory, with a phased nutrition regime, wherein heifers are subjected to periods of restriction and realimentation. Compensatory growth in the later periods improves feed efficiency and can alter secretion of hormones and metabolites (Ford and Park 2001) . This feeding management can affect onset of puberty and milk yield by modifying mammary-gland development (Lohakare et al. 2012 ). Influence of compensatory growth around puberty can be positive, by maximizing mammary cell proliferation (Park et al. 1998) , or negative, as hastening puberty may reduce the duration of the first allometric phase of development of mammary gland, which concludes with puberty (Lohakare et al. 2012) .
The aim of this study was to determine the effects of different feeding management strategies applied during preweaning (0-6 mo) and postweaning (6-15 mo) periods on the patterns of growth, calving difficulty, milk yield and quality, first calf performance, postpartum anestrus (PPA), and metabolic and endocrine status of beef heifers that were bred at 15 mo.
Materials and Methods
The Animal Ethics Committee of the Centro de Investigación y Tecnología Agroalimentaria (CITA) approved the experimental procedures that were in compliance with the guidelines of the European Union (2010, Directive 2010/63/EU) on the protection of animals used for experimental and other scientific purposes.
Animals, management, and diets
This study was conducted at La Garcipollera Research Station, in the mountain area of the central Pyrenees (northeastern Spain, 945 m a.s.l.).
Twenty-five autumn-calving Parda de Montaña (beef breed derived from old Brown Swiss) heifers were used in this experiment. Heifers were born from a herd of 62 adult cows on 12 Oct. (± 13 d) and were randomly assigned at calving to one of the four management strategies in a 2 × 2 factorial experiment. Taking into account previous research in this breed, two growth rates were targeted in the preweaning period (PRE, 0-6 mo: 1.0 and 0.7 kg d −1 in PRE-HI and PRE-LO treatments, respectively). During the postweaning period (POST, 6-15 mo), the same growth rates as before (1.0 and 0.7 kg d −1 in POST-HI and POST-LO treatments, respectively) were selected to analyze continuous vs. discontinuous growth before breeding. This management resulted in four experimental groups: HI-HI, HI-LO, LO-HI, and LO-LO (Fig. 1 ). This experiment determines heifer performance from conception (at 16.3 ± 0.7 mo) to weaning of the first calf after 4 mo of lactation. A more detailed description of management practices and results concerning heifer performance from birth to breeding is available in Rodríguez-Sánchez et al. (2015) , and therefore, only a brief description is presented here. To achieve the desired growth rates during PRE, all heifers suckled for 30 min twice daily, but only those in the PRE-HI treatment had free access to starter concentrate (30% corn, 17% soybean flour, 17% barley, 15% extruded cereal, 15% wheat bran, 3% milk by-products, 2% beet pulp, 1% palm oil, and 0.2% vitamin-mineral premix; nutrient composition in Table 1 ). Heifers were weaned at 6 mo (175 ± 13 d) and maintained indoors in a loose-housing system with straw-bedded pens during POST. In this phase, heifers were pen fed a diet based on alfalfa hay (Table 1) and rearing concentrate (44% corn, 22% barley, 15% corn gluten, 5% rapeseed flour, 5% soybean flour, 3% beet pulp, 3% palm oil, and 2% vitamin-mineral premix; Table 1 ). Heifers had ad libitum access to alfalfa hay and received either 12 or 6 g concentrate kg BW −1 in POST-HI or POST-LO heifer treatments, respectively. Concentrate was provided daily at 0800, and heifers were tied up for a maximum 1 h until they finished the amount assigned to each one. Heifers were bred by artificial insemination over a 90 d breeding season. Throughout breeding and thereafter, heifers were managed as a single group. During the breeding season, heifers were fed 9 kg per head of a dry total mixed ration (46% barley straw, 12% alfalfa hay, 18% barley, 8% sugarcane molasses, 6% soybean meal, 4% cereal byproducts, 4% rapeseed, and 2% sunflower seed; Table 1 ). From the confirmation of pregnancy by ultrasonography until a month before the expected calving date for each heifer, heifers grazed on mountain meadows (4 heifers ha −1 ). These pastures were primarily composed of grasses (Festuca arundinacea, Festuca pratensis, and Dactylis glomerata), legumes (Trifolium repens), and other species [1191 kg dry matter (DM) ha −1 , Table 1 ]. In the last month of gestation, heifers were housed and fed 9 kg per head of meadow hay (Table 1) . During the 4 mo of lactation, primiparous cows received 10 kg per head of the same dry total mixed ration provided during the breeding season. Diet was calculated to meet the requirements of energy and protein for maintenance, growth, and milk production of a cow of 490 kg BW and 6.5 kg daily milk yield. Cows were tied up for maximum 3 h so that each one could eat its own portion without disturbance of other cows in the same pen. Calves had free access to suckle their dams and received no other feed during the 4 mo of lactation. All pens assigned to heifers of each feeding treatment throughout the experiment were at each phase in the same barn, similar in size and environmental conditions. Water and vitamin-mineral supplements (lick blocks) were supplied for ad libitum intake throughout the experiment.
Measurements and blood sampling
To determine the average daily gain (ADG) by linear regression of weight against time, heifers were weighed once a week throughout the study before morning feeding, without prior deprivation of feed and water. At calving, the weights of heifers and calves were recorded. Calves of primiparous cows were weighed weekly from birth to weaning at 4 mo of age to determine their ADG during lactation.
Body development of heifers was studied using size measurements at conception, calving, and weaning. Height at withers (from the highest point of the shoulder blade to the ground) was recorded with a height stick. External pelvic area was estimated as product of rump length and width (Murray et al. 1999 ) because these measurements, which are easier to measure than internal ones, are correlated with internal pelvic height and width (Murray et al. 2002) . Rump length (from the ischial tuberosity to the iliac tuberosity) and rump width (maximum distance between iliac tuberosities) were also recorded with a height stick. Heart girth (body circumference immediately posterior to front legs) was measured with a flexible tape.
Calving ease was classified into two categories, i.e., assisted or unassisted. Assisted calving included all types of assistance, from manual pull to caesarean section (Johanson and Berger 2003) . To determine fetalmaternal disproportion, ratio of calf to cow BW was calculated as calf birth weight divided by cow weight at calving (Johanson and Berger 2003) . Body condition score (BCS) was assessed at conception, calving, and weaning by two expert technicians, based on the estimation of fat covering loin, ribs, and tailhead (0-5 scale; Lowman et al. 1976 ). Simultaneously, subcutaneous fat thickness (SFT) was measured by ultrasound scanning, with a multifrequency probe (7.5 MHz, Aloka SSD-900; Aloka Madrid, Spain), at P8 rump site (SFT_P8) and at the 13th thoracic vertebra (SFT_T13). Vaseline was used for the contact of transducer with skin. Subcutaneous fat thickness at P8 was determined over the gluteus muscle on rump at the intersection of a line through pin bone parallel to chine and one perpendicular through the third sacral crest. To determine SFT_T13, the transducer was placed perpendicular to the backbone, and measurements were conducted above the rib.
Blood samples were collected at 3 mo intervals during gestation and monthly during lactation for determination of both metabolite and hormone profiles. Blood samples were collected before morning feeding from the coccygeal vein. In addition, blood samples were collected twice a week, from calving to weaning, to determine length of PPA, based on the plasma progesterone concentration. Samples to determine progesterone, β-hydroxybutyrate, insulin-like growth factor I (IGF-I), and leptin concentrations were collected into 9 mL heparinized tubes (Vacuette España S.A., Madrid, Spain). Samples to determine plasma glucose, cholesterol, nonesterified fatty acid (NEFA), and urea concentrations were collected into 9 mL tubes that contained EDTA (Vacuette España S.A.). Blood samples were centrifuged at 1500g for 20 min at 4°C immediately after collection, and plasma was harvested and frozen at −20°C until analysis.
Heifers were milked monthly during the 4 mo of lactation using the oxytocin and machine milking technique 6 h after calf removal (Le Du et al. 1979) to determine quantity and composition of milk produced daily. Milk fat, protein, and casein contents were analyzed with an infrared scan (Milkoscan 4000™; Foss Electric Ltd., Hillerod, Denmark). Data for fat and protein contents were used to calculate energy-corrected milk (ECM) yield (adjusted to 3.5% fat and 3.2% protein), as described in Casasús et al. (2004) .
Assays
Plasma progesterone concentrations were measured using an ELISA kit specific for cattle (Ridgeway Science, Lydney, UK), following the manufacturer's instructions. After calving, onset of normal luteal activity began when progesterone levels were ≥0.5 ng mL −1 in three or more consecutive samples to avoid considering first short cycles. Álvarez-Rodríguez et al. (2010) reported that a first short estrous cycle (8-14 d) occurred before the second ovulation when a progesterone increase of ≥0.5 ng mL −1 was detected in two or fewer consecutive samples. Length of PPA was defined as number of days from calving to the first estrus. Cows that failed these criteria before weaning were assigned a value of 120 d for length of anestrus; therefore, data concerning length of anestrus were right censored. Metabolic status was assessed by determination of concentrations of glucose (glucose oxidase/peroxidase method), cholesterol (enzymatic colorimetric method), β-hydroxybutyrate (enzymatic colorimetric method), and urea (kinetic UV test) with an automatic analyzer (GernonStar, RAL/TRANSASIA, Dabhel, India). Protocols and reagents for glucose, cholesterol, and urea analyses were provided by the analyzer manufacturer (RAL, Barcelona, Spain), and reagents for β-hydroxybutyrate were supplied by Randox Laboratories Ltd. (Crumlin Co., Antrim, UK). Mean intra and interassay coefficients of variation for these metabolites were <5.4% and <5.8%, respectively. Sensitivity was 0.056, 0.026, 0.030, and 0.170 mmol L −1 for glucose, cholesterol, β-hydroxybutyrate, and urea, respectively. Plasma NEFA concentrations were analyzed with an enzymatic method using a commercial kit (Randox Laboratories Ltd.). Commercial reference plasma samples (bovine precision serum; Randox Laboratories Ltd.) were used to evaluate the accuracy of the analyses. Mean intra and interassay coefficients of variation were 5.1% and 7.4%, respectively. Sensitivity was 0.060 mmol L −1 . Concentrations of circulating IGF-I were quantified with a solid-phase enzyme-labeled chemiluminescent immunometric assay (Immulite; Siemens Medical Solutions Diagnostics Limited, Llanberis, Gwynedd, UK). Mean intra and interassay coefficients of variation were 3.1% and 12.0%, respectively. Sensitivity was 20 ng mL −1 .
Plasma leptin concentrations were determined by RIA with a multispecies commercial kit (Multispecies Leptin Ria kit; LINCO Research, St. Charles, MO, USA). Mean intra and interassay coefficients of variation were 3.54% and 6.87%, respectively. Sensitivity averaged 1.30 ng mL −1 .
Statistical analyses
All data were analyzed as a completely randomized design with the SAS statistical software package (SAS Institute, Inc., Cary, NC, USA). Heifer was considered the experimental unit. Data for BW and metabolic (glucose, cholesterol, NEFA, β-hydroxybutyrate, and urea) and endocrine parameters (IGF-I and leptin) during gestation and first lactation were analyzed using the SAS MIXED procedure. The covariance structure was selected on the basis of the lowest Akaike information criterion. An unstructured covariance matrix (UN) was used for the analysis of repeated measures, including feeding treatment at PRE and POST, time, and their interaction as fixed effects and with heifer as the random effect in a univariate linear mixed model.
A similar analysis was performed to analyze size measurements (height at withers, heart girth, and external pelvic area at conception, calving, and weaning), traits used to estimate fat reserves (BCS, SFT_P8, and SFT_T13 at the same time), and monthly collected data concerning ECM yield and milk quality.
Heifer ADGs and PPA length were tested with analysis of variance using the GLM procedure. Feeding treatment during PRE and POST and the interaction were fixed effects. Similar analyses were performed to analyze calf performance (BW at birth and weaning, ADG) and calf to cow BW ratio, where calf sex was considered as a fixed effect. Calf sex, calving assistance, and type of first cycle length (short or normal) were analyzed using the FREQ procedure of SAS (χ 2 test). The Pearson correlation coefficients between variables were calculated using CORR procedure of SAS. Means were separated using LSMEANS procedure of SAS and compared using the PDIFF statement.
Due to the limited number of heifers per treatment, significance was set at P < 0.01 for all tests. Tendencies were determined if P ≥ 0.01 and P < 0.10.
Results and Discussion

Growth performance
Weight at conception was influenced by feeding treatments applied both during PRE (P < 0.001) and POST (P < 0.001) (Fig. 2) . As expected, the greatest and lowest percentages of mature BW at conception [580 kg as Casasús et al. (2002) described for this breed] were reached by HI-HI (91%) and LO-LO (66%) heifers, respectively (P < 0.001). All treatments were above the threshold of 65% of mature BW recommended previously (Gasser 2013) as the minimum to avoid future detriment to heifer performance. Gains during gestation tended to depend PRE feeding treatments (P = 0.02) and were significantly influenced by POST ones (P < 0.001) ( Table 2) . Heifers from POST-LO treatment gained weight (0.168 ± 0.077 kg d −1 ) during gestation, whereas POST-HI heifers maintained (−0.043 ± 0.086 kg d −1 ) weight in this phase. Because of this compensatory growth, BW at calving was similar among treatments, except for LO-LO heifers, which were lighter (P < 0.01). At first calving, BW of LO-LO cows was 436 ± 39 kg, which was 75% of their expected mature weight, value below the 80% recommended by the NRC (2000). At calving, heifers in other treatments were heavier (487 ± 24 kg BW) than LO-LO ones, reaching at least 82% of their expected mature weight. After calving, all cows maintained their weight (ADG = −0.053 ± 0.178 kg d −1 ) during lactation, regardless of the feeding treatment applied in the first 15 mo of life (Table 2) . Body condition score at conception was affected by the interaction between PRE and POST treatments (P < 0.01), but during pregnancy, BCS loss depended inversely on BCS at conception (Table 2 ). Despite differences found in BW, all heifers had similar BCS at calving (2.58 ± 0.10). This lack of coordination of both measures may be due to the fact that heifers are still growing, so these measures are not as related as if they were mature cows. During lactation, as occurred with BW, they maintained BCS until weaning (2.55 ± 0.15). Concerning SFT at conception, SFT_P8 and SFT_T13 tended to be affected by the interaction between PRE and POST treatments (P = 0.05 and P = 0.01, respectively). In the same way as it has been described in BCS, differences at conception were counterbalanced during pregnancy, and all heifers had similar SFT_P8 (2.6 ± 0.9 mm) and SFT_T13 at calving (7.2 ± 0.8 mm). Body condition score was correlated with SFT_P8 (r = 0.66; P < 0.001), but not with SFT_T13, which makes the former a better indicator of fat reserves.
At conception, height at withers tended to differ between POST treatments (122.8 ± 1.0 vs. 119.2 ± 1.1 cm in POST-HI and POST-LO heifers, respectively; P = 0.05) ( Table 2 ). At calving, interaction between PRE and POST treatments tended to affect height at withers (P = 0.05), because LO-LO primiparous cows were shorter than LO-HI cows (P < 0.01), but no differences remained between HI-HI and HI-LO heifers (P > 0.10). Measures observed in this study at calving ranged from 94% to 97% of those described by Álvarez-Rodríguez et al. (2009a) in adult cows from the same breed, in which maturity is reached at around 4.5 yr (Cano et al. 2016) .
During the experiment, heart girth was influenced by the interaction between PRE and POST (P < 0.01) feeding treatments. A strong correlation between this measure and BW was found (r = 0.89, P < 0.001), which makes heart girth a reliable predictor of BW in cattle, as suggested by Wood et al. (2015) . Fig. 2 . Weight of heifers throughout gestation and lactation periods according to feeding management applied in preweaning (0-6 mo) and postweaning (6-15 mo) periods. LO: 0.7 kg target average daily gain (ADG); HI: 1.0 kg target ADG. Means at a given age with different lowercased letters differ significantly (P < 0.01).
Estimated size of external pelvic area tended to be affected by the interaction between PRE and POST (P = 0.02) throughout experiment. Heifers from LO-LO treatment had the smallest external pelvic area at any time. This could be due to the fact that bone growth is maximal in the first year of life, and it is not possible to compensate for poor early skeletal development at a later date (Wathes et al. 2014 ).
Productive performance
Sex ratio of calves did not differ among treatments (P > 0.10) ( Table 3) . Although values were greater in males, calf sex did not have an effect on weight at birth (39.2 ± 1.3 vs. 37.0 ± 1.4 kg BW in male and female calves, respectively, P > 0.10), at weaning (139.2 ± 5.5 vs. 123.3 ± 5.7 kg BW in male and female calves, respectively, P > 0.10), or ADG during lactation (0.846 ± 0.046 vs. 0.722 ± 0.047 kg d −1 in male and female calves, respectively, P > 0.10). No other dam productive or reproductive trait analyzed herein was significantly influenced by calf sex. Calf BW at birth (38.5 ± 5.0 kg) and at weaning (132.2 ± 21.1 kg) and ADG during lactation (0.781 ± 0.178 kg d −1 ) were not affected by PRE or POST treatments (Table 3) . Moreover, BW at birth was similar to that reported by Casasús et al. (2002) for calves born to 2.5 yr old primiparous cows in the same herd (39.1 ± 0.9 kg BW). Weight at weaning was similar to that described by Villalba et al. (2000) for 4 mo old calves from primiparous cows of the same breed. The similar calf gains among treatments were consistent with the similar milk yield (average ECM yield = 6.26 ± 1.46 kg d −1 , P > 0.10) and milk composition (protein = 3.20% ± 0.28%; fat = 3.14% ± 0.51%; casein = 2.48% ± 0.23%; P > 0.10) produced by their dams. The different prepubertal ADG reached by heifers according to prebreeding feeding management did not affect their milk production or composition (P > 0.10). Yield of ECM decreased steadily (P < 0.01) from the first month (7.75 ± 1.69 kg d −1 ) to the fourth month (6.46 ± 1.48 kg d −1 ) in all treatments (Fig. 3) , except for HI-HI heifers, whose milk production at 3 mo post calving was similar to that of the previous month (P > 0.10). This greater persistence in milk production could explain the numerically greater (but not statistically significant) ADG of calves from this treatment. The lack of detrimental effects of prebreeding growth on milk yield or calf performance observed here agrees with the results of Abeni et al. (2012) in dairy cattle but contradicts studies in which high prepubertal gains increased deposition of mammary adipose tissue or impaired parenchymal development of mammary gland (Sejrsen et al. 2000) , reducing milk yield. In the case of beef heifers, there is a large variability in the literature concerning the direction and extent of these effects (Buskirk et al. 1996) . Our results agree with those described by Freetly and Cundiff (1998) over a diverse group of beef breeds, who did not observe any difference in milk production traits between heifers raised on different planes of nutrition. Moreover, Freetly et al. (2014) could not demonstrate that modifying peripubertal nutrition could modify DNA methylation in the mammary gland and consequently alter milk production. Note: Means within a row with different lowercased letters differ significantly (P < 0.01). SEM, standard error of the mean; ADG, average daily gain during lactation; PPA, postpartum anestrus; BW, body weight.
a LO: 0.7 kg target ADG; HI: 1.0 kg target ADG.
b Noncyclic cows at weaning, after 120 d of lactation. Fig. 3 . Energy-corrected milk (ECM) yield produced by heifers throughout the first lactation according to feeding management applied in preweaning (0-6 mo) and postweaning (6-15 mo) periods. LO: 0.7 kg target average daily gain (ADG); HI: 1.0 kg target ADG.
Reproductive performance
Age at first calving was 26.1 ± 0.8 mo (Table 3) , which was 2 mo above our target, but 10 mo below the national average in Spain, where more than 50% of beef cows are older than 3 yr at first calving (Ministerio de Agricultura Alimentación y Medio Ambiente 2014). Age at calving tended to be affected by POST treatments (26.1 ± 0.2 vs. 25.3 ± 0.2 mo in POST-HI and POST-LO heifers, respectively; P = 0.02). This difference was due to the fact that POST-HI heifers became pregnant later than POST-LO ones, because the former ones were fatter and their fertility was impaired (Rodríguez-Sánchez et al. 2015) .
In the current experiment, needs for assistance at calving were at most the use of a calving jack, with no incidence of caesarean sections. No differences in this trait related to calf sex, length of gestation, or calving date were found among treatments (P > 0.10). Incidence of calving assistance tended to be affected by the interaction between PRE and POST treatments (P = 0.03). This trait showed a large variability among treatments, from no incidence in HI-LO treatment to 80% of heifers assisted in LO-LO treatment (P < 0.01). Among other factors that can lead to calving difficulties, Johanson and Berger (2003) suggested that a calf to cow BW ratio below 7.5% could compromise the ease of calving. Disproportion between calf and cow BW was below this value in PRE-HI cows, which had a low incidence of difficulties at calving. Conversely, the ratio of PRE-LO cows was above the before-mentioned threshold; in the case of LO-HI heifers because of the great calf birth BW, whereas in LO-LO ones, it was most likely because of the small cow BW, which together with their small external pelvic area (Table 2) , as indicated by Hickson et al. (2006) , led to the greatest incidence of calving assistance.
Concerning ovarian activity, 60% of cows were cyclic at the end of lactation, and all of them had a short cycle before recovering normal ovarian activity, as described by Álvarez-Rodríguez et al. (2009b) for mature cows. Cows that had not ovulated 120 d after calving were evenly distributed among the treatments (P > 0.10; Table 3 ). Cows from POST-HI treatment tended to be cyclic 24 d before those from POST-LO treatment (82 ± 8.4 and 106 ± 9.4 d, respectively; P = 0.06), although this result should be interpreted with caution due to limited number of heifers per treatment. Mean PPA was longer in all treatments than the mean values observed by Sanz et al. (2004) in 2.5 and 3 yr old primiparous cows of the same breed (54 d). These authors described that length of PPA depended mainly on prepartum and postpartum feeding levels, suckling frequency, and calving difficulty. In our case, prepartum and postpartum diets were calculated to meet the requirements of heifers without impairing their performance, but BCS at calving was lower than that observed in their study (2.58 vs. 2.77). In the current experiment, BCS at calving was not correlated with length of PPA (P > 0.10). Calving difficulty was not reflected in PPA length (94.4 ± 11.5 vs. 91.2 ± 7.9 d in assisted or unassisted calving, respectively; P > 0.10), in contrast to findings by Sanz et al. (2004) in beef or Boldt et al. (2015) in dairy heifers. However, in our experiment, calves had ad libitum access to their dams, which can delay the resumption of cyclicity; restricted suckling may have shortened the PPA interval, as suggested by Sanz et al. (2003) for this beef breed in moderate BCS at calving.
Metabolic profiles
During both gestation and lactation, concentrations of different plasma metabolites were more influenced by sampling time than by prebreeding feeding treatments, implying a stronger dependence on the current energy and protein intake at each time. Except for NEFA, all metabolites had greater concentrations during gestation than during lactation (P < 0.001). The largest differences among treatments were found at the first sample taken after calving (Fig. 4) , which could reflect a different response of heifers to the challenge of maintaining homeostasis and deriving nutrients for milk production.
Similarly, Drackley et al. (2005) described that, after typically low values before calving, concentration of circulating glucose was increased after parturition as a consequence of hepatic gluconeogenesis to meet systemic glucose requirements for milk lactose synthesis. In our study, NEFA concentration at calving was also increased, probably due to parturition stress and lipolytic activity for milk secretion, as described by Vizcarra et al. (1998) , and also because they are the major source of energy to the cow during this period (Drackley et al. 2005) . In both cases, heifers from the LO-LO treatment tended to have lower concentrations than the rest (P < 0.10), which could reflect a lower amount of adipose tissue. Taking into account that BCS and SFT at calving were similar among treatments, maybe LO-LO heifers had less abdominal or visceral fat depots, which are more readily mobilized in early lactation in primiparous cows (Weber et al. 2013) .
Glucose and cholesterol concentrations during lactation were lower than those reported by Vizcarra et al. (1998) and Álvarez-Rodríguez et al. (2010) in primiparous beef cows. This might explain the longer PPA observed herein, because hypoglycemia has been associated with lack of luteal activity and infertility in lactating cows (Vizcarra et al. 1998) , and cholesterol is a precursor of steroid hormones.
Plasma concentrations of β-hydroxybutyrate were affected by the interaction between POST and time (P < 0.01). Unexpectedly, at 3 mo postconception, LO-HI heifers had lower levels (P < 0.01) of β-hydroxybutyrate than their counterparts. Nevertheless, at calving, these levels were higher in HI-HI cows (P < 0.01), maybe due to a poor adaptation to the lower energy balance at onset of lactation or because they had more easy-to-mobilize fat reserves. No relationship was found between concentrations of β-hydroxybutyrate at any time of lactation and length of PPA, in contrast to the observations of Mulliniks et al. (2013) , who indicated that this metabolite was a sensitive indicator of energy status that could be used to predict rebreeding competence in young beef cows.
During the experiment, plasma urea depended on sampling time (P < 0.001), but it was unaffected by PRE or POST (P > 0.10) reflecting its dependence on the current energy and protein intake.
Endocrine profiles
Concentrations of IGF-I and leptin were not affected by experimental treatments (Fig. 5) . This would confirm the results of Reis et al. (2015) , who found that increased concentrations of IGF-I associated to improved nutritional status in early life of heifers did not persist in subsequent phases with similar nutrient intake. They also found no treatment effects on leptin concentrations at any time before puberty, which they attributed to the short duration of their treatments. In our case, heifers had a different nutritional management during 15 mo, until the first breeding, and no differences were found in the first calving performance.
Insulin-like growth factor-I and leptin were influenced by time (P < 0.001), probably because they depend directly on the current energy intake (Ciccioli et al. 2003) . Concentration of IGF-I was correlated to ECM at 3 mo post partum (r = 0.62, P < 0.001). Energy-corrected Fig. 4 . Plasma concentrations of glucose, cholesterol, nonesterified fatty acid (NEFA), β-hydroxybutyrate, and urea during gestation and lactation of heifers according to feeding management applied in preweaning (0-6 mo) and postweaning (6-15 mo) periods. LO: 0.7 kg target average daily gain (ADG); HI: 1.0 kg target ADG. LSMeans at a given age with different lowercased letters differ significantly (P < 0.01). Fig. 5 . Plasma concentrations of insulin-like growth factor I (IGF-I) and leptin during gestation and lactation of heifers according to feeding management applied in preweaning (0-6 mo) and postweaning (6-15 mo) periods. LO: 0.7 kg target average daily gain (ADG); HI: 1.0 kg target ADG. milk was also negatively related with leptin concentration 1 mo after calving (r = −0.56, P < 0.01), which might reflect the increased ability of cows to mobilize body fat when energy is deficient and might redirect this energy to milk production (Sullivan et al. 2009 ).
Neither IGF-I nor leptin concentrations during lactation period were related to PPA length, in contrast with the findings of Ciccioli et al. (2003) concerning IGF-I concentrations.
Conclusion
In conclusion, feeding levels applied to beef heifers during preweaning and postweaning periods did not influence milk yield, first calf performance, or physiological parameters of primiparous cows. Nevertheless, calving performance of LO-LO heifers was hindered, because they were lighter than the rest, had a large calf to cow disproportion and the smallest external pelvic area at calving, which could have induced the greater calving assistance and the longer PPA.
Beef heifers could calve for the first time at 2 yr of age if they reach gains of at least 1 kg d −1 either in the preweaning or postweaning phase to prevent impaired performance at calving. The decision on the period in which to ensure this gain should be based on the relative feeding costs for each phase. Further investigations are needed to establish whether prebreeding nutritional strategies studied herein can influence the productive lifetime of beef cows.
